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I. RESPONSE 

Claims 1, 61, and 64-65 are pending, and all pending claims have been found 
allowable except for claim 1 . 

Claim 1 has been rejected pursuant to 35 U.SC Sec. 103. The Examiner 
contends that claim 1 is obvious over Sen et al., in view of Rees, as is more precisely set forth 
in paragraph 3 of the Office Action. Claims 61, and 64-65 have been found allowable if 
rewritten as incorporating claim 1 . 

The rejection is respectfully traversed and reconsideration is requested. 
Definitional rebuttal evidence is enclosed herewith. 

The rejection is improper for the reasons set out in the prior Response and more 
particularly stated hereinafter. 

1. All claim elements have not been shown in the cited art. 

Applicant's Response notes that (1) all claim elements have not been shown in 

the cited art. 

In the Office Action dated February 27, 2007, the Examiner states: "applicant 
argues that the Sen et al. patent does not disclose or show the claimed "secondary wavelet... 
This is not agreed with. Sen et al. discloses "backscattering..." 

Backscattering does not disclose a secondary wavelet, e.g, in Sen et al. 

In its plain and ordinary meaning with regard to acoustics, "backscattering" refers 

to: 

the deflection of radiation or particles by scattering through angles greater than 
90 (degrees) with reference to the original direction of travel. 

See, for example, the enclosed definition from CHAMBERS: Dictionary of Science and 

Technology (1999); see also McGraw-Hill Dictionary of Scientific and Technical Terms (1984) 

(also enclosed). 

In its plain and ordinary meaning with regard to acoustics, "wavelets" refers to: 
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mathematical functions that cut up data into different frequency components, and 
then study each component with a resolution matched to its scale. They have 
advantages over traditional Fourier methods in analyzing physical situations 
where the signal contains discontinuities and sharp spikes, as well as being 
compactly constrained in time duration. 

See, for example, the enclosed - which originally appeared in The Institute of Electrical and 

Electronics Engineers) (IEEE) Computational Science and Engineering, Summer 1995, vol. 2, 

num. 2, published by the IEEE Computer Society, 10662 Los Vaqueros Circle, Los Alamitos, CA 

90720, USA, TEL +1-714-821-8380, FAX +1-714-821-4010, and can be found on the Web as 

www.amara.com/IEEEwave/IEEEwavelet.html. 

It would seem from the plain and ordinary meaning of the terms that the 

Examiner's contended "backscattering" has no bearing whatsoever on the claimed secondary 

wavelet... etc. 

35 U.S.C. Sec. 132 requires that the PTO provide "the reasons for such 
rejection... together with such information as may be useful in judging the propriety of 
continuing prosecution...." There is no mention whatsoever of the claimed secondary wavelet in 
cited art cited in the Office Action. Thus, the rejection is premised on the Examiner's contention 
that backscattering in Sen et al. discloses the claimed secondary wavelet . Accordingly, 
pursuant to 35 U.S.C. Sec. 132, the Examiner is required to explain how, pursuant to his 
rejection, backscattering discloses the secondary wavelet . Further, the Examiner's declaration 
or affidavit to establish the contention is required. 

For reference, in the instant application, secondary wavelet information is 
received by means of 18 in Figure 30 and Figure 31, and processed in Figure 31 at boxes 38 
and/or 40, with the main processor being 42. See also Applicant's specification as it refers to 
these items. The Examiner's 132 explanation and the Examiner's declaration should identify 
the particular components of Sen et al. that are contended as: 

receiving the secondary wavelet produced by the nonlinear effect; and 
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processing the received secondary wavelet in identifying the object. 

Further, the Examiner's attention is drawn to instant application para. 146, 

wherein the last sentence states: 

If the desire is to produce clean seismic, multi-channel data stacking or to employ 
spectroscopic analysis for discerning material-specific additional spectral 
components (that are induced by nonlinear interaction within or inelastic 
scattering from concealed material), a clean Secondary Wavelet energy 
spectrum is important. 

(Emphasis added.) The Examiner's 132 explanation and the Examiner's declaration should 
explain by what means his contended secondary wavelet is produced by the nonlinear effect in 
Sen et al. 

Applicant maintains that the applied references fail to disclose all expressly 
claimed elements or limitations, and the rejection is improper for want of a prima facie showing 
of unpatentability. 

2. The contended combination of teachings would render the cited art 
inoperable for their respective purposes. 

Applicant's Response notes that (2) the contended combination of teachings 
would render the cited art inoperable for their respective purposes. 

In the Office Action dated February 27, 2007, the Examiner states: "This is also 
not convincing since the mere substitution of one non-linear acoustic source (Rees) for another 
(Sen et al.) would not render inoperable the system of Sen et al. 

Rees is an optical detection system and Sen et al. is not. 

Rees uses a laser to detect sound generated by weather: as regards detection, 
the acoustic source in Rees is inclement weather (Col. 1, line 39, etc.). 

Sen et al. uses an acoustic pulse emitter and corresponding sensors. 

The non-overlapping PTO classes of Rees and Sen et al. evidence that these 
patents involve different technologies, and presumably the Examiner appreciates that, on the 
face of it, using a laser to optically detect weather (Rees) is not readily modifiable into a system 
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using sound (from an acoustic pulse emitter Sen et al.) to detect land mines underground. 

In the Office Action, the Examiner has pointed to Col. 15, line 58 - Col. 16, line 4 

in Rees, where Rees refers to 

using a non-linearly generated and radial range focused acoustic sawtooth wave 
to create an acousto-optic mirror (AOM) acting as a retroreflector. Sufficient 
acoustic enhancement to crate a shock front to a nonlinear acoustic sawtooth 
wave is brought about by transmitting a synthetic spectrum waveform using a 
multiple set of phase locked, pulsed acoustic carrier waveforms each emitted 
from individual projectors in a large array of loudspeakers. Constructive 
interference occurs when these acoustic pulses come together to add 
coherently... the each of these discontinuities act as an optical mirror. 

So Rees is still a system for optical detection of inclement weather that can involve "transmitting 

a synthetic spectrum waveform using a multiple set of phase locked, pulsed acoustic carrier 

waveforms each emitted from individual projectors in a large array of loudspeakers" to obtain 

"constructive interference" that acts "as an optical mirror." 

The Examiner contends that "the mere substitution of one non-linear source 
(Rees) for another (Sen et al.) would not render inoperable the system of Sen et al. However, 
an acousto-optic mirror would not function in the granular bed of Sen et al. - e.g., for detecting 
land mines. That is, Rees's optical mirror is to redirect a laser beam, which of course seemingly 
could not possibly function in the ground in Sen et al. If the rejection is maintained, this is for 
the Examiner to explain. 

Pursuant to 35 U.S.C. Sec. 132 the Examiner is required to explain how the non- 
linear source of Rees that is adapted to produce "constructive interference" and that acts "as an 
optical mirror" would not render inoperable the system of Sen et al. Operated to cause 
"constructive interference" as taught by Rees, the non-linear source in Rees would presumably 
"interfere" with the acoustic detection of land mines in Sen et al. So operated, the creation of an 
optical mirror would also seem to render Sen et al. nonfunctional for its purpose, e.g., detecting 
underground land mines. The Examiner's 132 explanation and information is required. 

Further, the Examiner's contention is a contention of fact on a point where the 
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PTO bears the burden of proof, and affidavit or declaration on the contention of fact, are 
required. 

Applicant maintains that the contended combination of teachings would render 

the cited art inoperable for their respective purposes, and the rejection is improper for want of a 

prima facie showing of unpatentability. 

3. The contended modification or substitution of the teachings to reach 
the claimed invention would change the principles of operation of 
the devices shown in the respective cited art. 

Applicant's Response notes that (3) the contended modification or substitution of 
the teachings to reach the claimed invention would change the principles of operation of the 
devices shown in the respective cited art. 

In the Office Action dated February 27, 2007, the Examiner states: "such a 
substitution would not change the "principles of operation" of the Sen et al. system. 

But again, light and sound systems have different principles of operation. More 

particularly, Rees teaches, in the Abstract: 

Method and apparatus for detecting conditions in the atmosphere which are 
hazardous to flying aircraft and providing early warning to pilots or ground 
personnel. The method includes using a laser beam and a coherent optical 
receiver to optically sense sound waves produced by those hazardous conditions 
and measuring the effect of those sound waves on the transmitted and received 
optical beams. 

Sen et al. teaches, in Fig. 9, "a detection system according to the present 
invention" (Col. 6, line 26) which shows a platform whereby an acoustic pulse generator 34 
points downward and "sensor 33 has a tip that contacts the soil." Col. 6, line 36. 

The Examiner's proposed attempt to combine teachings would change the 
principles of operation: As stated above, Rees is premised on the optical detection of the sound 
produced by weather (See Rees, as more precisely set out in Col. 1, line 39 etc., in view of the 
abstract) while Sen et al. uses a platform whereby an acoustic pulse generator 34 points 
downward so that "sensor 33 has a tip that contacts the soil." (See, e.g., Col. 6, line 36). Thus, 
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the transmitters, detectors, and other equipment of the respective patents operate by different 
principles of operation. For example, the beam splitters, an optical line array, telescope, etc. of 
Rees operate by different principles of operation than, e.g., Fig. 9, of Sen et al. For further 
example, receiving the "acoustic impulse" of Sen et al. in the "telescope" of Rees would not 
function without substantially changing principles of operation. Sen et al.'s detectors are 
unsuitable for optical detection (presumably, under the Examiner's theory, from the ground of 
Sen et al.). 

Part of the reason that the proposed substitution is completely implausible is 
because the respective purposes are not the easiest to harmonize e.g., because one cannot 
pass a laser beam (Rees) underground (Sen) for the purpose of detecting "conditions in the 
atmosphere which are hazardous to flying aircraft" (Rees). Nor are weather conditions (Rees) 
to be found in the "granular bed" of Sen et al. Nor do non-metal land mines of Sen et al. fly in 
inclement weather (Rees) or require a ground crew. Nor does an acousto-optic mirror function 
in the granular bed of Sen et al. for detecting land mines. Contradiction between the respective 
references is pervasive, so of course their operating principles are incompatible and completely 
implausible. 

It is the Examiner's burden to explain how these plainly different technologies 
could plausibly be combined without changing their operating principles, and the mere 
contention offered in the Office Action does not make it so. 

Pursuant to 35 U.S.C. Sec. 132, the Examiner is required to explain how, 
pursuant to his rejection, the proposed combination or modification would not change the 
principles of operation - e.g., means for "detecting conditions in the atmosphere which are 
hazardous to flying aircraft and providing early warning to pilots or ground personnel / means for 
"detecting land mines with little or no metal." Representatively, the means for detecting in Rees 
"includes using a laser beam and a coherent optical receiver" and in some embodiments, 
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utilizes an acousto-optic mirror; the means for detecting in Sen et al. includes "sensor 33 [that] 

has a tip that contacts the soil." The Examiner's affidavit or declaration to substantiate the 

contention of fact that "such a substitution would not change the "principles of operation" of the 

Sen et al. system" is also required. 

Applicant maintains that the contended teachings to reach the claimed invention 

would change the principles of operation of the devices shown in the respective cited art, and 

the rejection is improper for want of a prima facie showing of unpatentability. 

4. No motivation or suggestion has been shown in the cited art that, as 
of the date of the instant application, would have prompted one 
skilled in the art to make the combination to reach the claimed 
invention. 

Applicant's Response notes that (4) no motivation or suggestion has been shown 
in the cited art that, as of the date of the instant application, would have prompted one skilled in 
the art to make the combination to reach the claimed invention. 

In the Office Action dated February 27, 2007, the Examiner states: "the increased 
acoustic enhancement, as suggested by Rees, is motivation. 

The Examiner has omitted that the reason for this feature in Rees is "to create an 
acousto-optic mirror" (Col. 15, line 60). An acousto-optic mirror does not function in the granular 
bed of Sen et al. for detecting land mines. Thus, the Examiner has provided no plausible 
reason to combine these diverse patents. 

The Examiner's 35 U.S.C. Sec. 132 explanation, pursuant to his rejection, is 
required to justify the proposed reason to combine. 

At least because of the extensive contradiction between these references of 
pervasively different technologies, no proper motivation has been cited to modify or combine the 
cited art to achieve the claimed invention. Thus, Applicant maintains that no motivation or 
suggestion has been shown in the prior art that, as of the date of the instant application, would 
have prompted one skilled in the art to make the combination or modification to reach the 
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claimed invention, and the rejection is improper for want of a prima facie showing of 
unpatentability. 

5. Summary and Conclusion 

In sum, the rejection is traversed as improper for many reasons, and 
reconsideration is requested. The rejection is improper because: 

(1) all claim requirements have not been shown in the cited art (e.g., no teaching of the 
claimed secondary wavelet , the receiving , and the processing as required in claim 1), 
thus no combination of the cited art can show that the claim as a whole was obvious; 

(2) the contended combination of teachings to reach the claimed invention would render the 
cited art inoperable for their respective purposes; 

(3) the contended combination of teachings to reach the claimed invention would change 
the principles of operation of the devices shown in the respective cited art; and 

(4) no motivation or suggestion has been shown in the cited art that, as of the date of the 
instant application, would have prompted one skilled in the art to make the combination 
or modification to reach the claimed invention. 

For any and all of these reasons, the PTO has not shown prima facie 
obviousness, and withdrawal of the rejection is again requested, and otherwise the Sec. 132 
explanations and the Examiner's declaration and affidavit have been required. If the rejection is 
not withdrawn, Applicant further requests an Interview with the Examiner and Supervising 
Primary Examiner. 

In conclusion, Applicant wishes to make of record the fact that the Examiner is 
also the Examiner in Applicant's co-pending national case of PCT case PCT/US2004/039909, 
and attention is drawn to its U.S. National case Ser. No. 10/580,358. 
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III. FEE 

The Commissioner is hereby authorized to charge any fees associated with the 
above-identified patent application or credit any overcharges to Deposit Account No. 50-0235. 
Additionally, the Examiner is invited to contact the undersigned at (312) 240-0824 if it can in any 
way expedite or ease the handling of this case. Please direct all correspondence to the 
undersigned at the address given below. 



Respectfully submitted, 



Date: April 26, 2007 




P.O. Box 7131 
Chicago, IL 60680-7131 
(312) 240-0824 
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An Introduction to Wavelets 



Abstract 

Wavelets. are mathematical functions that cut up data into different frequency components, 
and then study each component with a resolution matched to its scale. They have 
advantages over traditional Fourier methods in analyzing physical situations where the 
signal contains discontinuities and sharp spikes. Wavelets were developed independently in 
the fields of mathematics, quantum physics, electrical engineering, and seismic geology. 
Interchanges between these fields during the last ten years have led to many new wavelet 
applications such as image compression, turbulence, human vision, radar, and earthquake 
prediction. This paper introduces wavelets to the interested technical person outside of the 
digital signal processing field. I describe the history of wavelets beginning with Fourier, 
compare wavelet transforms with Fourier transforms, state properties and other special 
aspects of wavelets, and finish with some interesting applications such as image 
compression, musical tones, and de-noising noisy data. 

Keywords: Wavelets, Signal Processing Algorithms, Orthogonal Basis Functions, Wavelet 
Applications 
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o verview 



The fundamental idea behind wavelets is to analyze according to scale. Indeed, some 
researchers in tfce wavelet field feel that, by using wavelets, one is adopting a whole new 
mindset or perspective in processing data. 

Wavelets are functions that satisfy certain mathematical requirements and are used in 
representing data or other functions. This idea is not new. Approximation using 
superposition of functions has existed since the early 1800's, when Joseph Fourier 
discovered that he could superpose sines and cosines to represent other functions. However, 
in wavelet analysis, the scale that we use to look at data plays a special role. Wavelet 
algorithms process data at different scales or resolutions. If we look at a signal with a large 
"window," we would notice gross features. Similarly, if we look at a signal with a small 
"window," we would notice small features. The result in wavelet analysis is to see both the 
forest and the trees, so to speak. 

This makes wavelets interesting and useful. For many decades, scientists have wanted more 
appropriate functions than the sines and cosines which comprise the bases of Fourier 
analysis, to approximate choppy signals (1). By their definition, these functions are non- 
local (and stretch out to infinity). They therefore do a very poor job in approximating sharp 
spikes. But with wavelet analysis, we can use approximating functions that are contained 
neatly in finite domains. Wavelets are well-suited for approximating data with sharp 
discontinuities. 

The wavelet analysis procedure is to adopt a wavelet prototype function, called an analyzing 
wavelet or mother wavelet. Temporal analysis is performed with a contracted, high- 
frequency version of the prototype wavelet, while frequency analysis is performed with a 
dilated, low-frequency version of the same wavelet. Because the original signal or function 
can be represented in terms of a wavelet expansion (using coefficients in a linear 
combination of the wavelet functions), data operations can be performed using just the 
corresponding wavelet coefficients. And if you further choose the best wavelets adapted to 
your data, or truncate the coefficients below a threshold, your data is sparsely represented. 
This sparse coding makes wavelets an excellent tool in the field of data compression. 

Other applied fields that are making use of wavelets include astronomy, acoustics, nuclear 
engineering, sub-band coding, signal and image processing, neurophysiology, music, 
magnetic resonance imaging, speech discrimination, optics, fractals, turbulence, earthquake- 
prediction, radar, human vision, and pure mathematics applications such as solving partial 
differential equations. 
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Historical Perspective 



In the history of mathematics, wavelet analysis shows many different origins (2). Much of 
the work was performed in the 1930s, and, at the time, the separate efforts did not appear to 
be parts of a coherent theory. 

Pre-1930 

Before 1930, the main branch of mathematics leading to wavelets began with Joseph 
Fourier (1807) with his theories of frequency analysis, now often referred to as Fourier 
synthesis. He asserted that any 2 j7 -periodic function f(x) is the sum 

M 

+ X (<** cos to + K s^fa ) (1) 

of its Fourier series. The coefficients a *, and b * are calculated by 

= J/( x ^ = ~ | /(x)cos {foc)dx, b k = — J/(x)sin(Ax)ci&c 

Fourier's assertion played an essential role in the evolution of the ideas mathematicians had 
about the functions. He opened up the door to a new functional universe. 

After 1807, by exploring the meaning of functions, Fourier series convergence, and 
orthogonal systems, mathematicians gradually were led from their previous notion of 
frequency analysis to the notion of scale analysis. That is, analyzing/^ by creating 
mathematical structures that vary in scale. How? Construct a function, shift it by some 
amount, and change its scale. Apply that structure in approximating a signal. Now repeat 
the procedure. Take that basic structure, shift it, and scale it again. Apply it to the same 
signal to get a new approximation. And so on. It turns out that this sort of scale analysis is 
less sensitive to noise because it measures the average fluctuations of the signal at different 
scales. 

The first mention of wavelets appeared in an appendix to the thesis of A. Haar (1909). One 
property of the Haar wavelet is that it has compact support, which means that it vanishes 
outside of a finite interval. Unfortunately, Haar wavelets are not continuously differentiate 
which somewhat limits their applications. 

The 1930s 

In the 1930s, several groups working independently researched the representation of 
functions using scale-varying basis functions. Understanding the concepts of basis functions 
and scale-varying basis functions is key to understanding wavelets; the sidebar next 
provides a short detour lesson for those interested. 
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By using a scale-varying basis function called the Haar basis function (more on this later) 
Paul Levy, a 1930s physicist, investigated Brownian motion, a type of random signal (2). 
He found the Haar basis function superior to the Fourier basis functions for studying small 
complicated details in the Brownian motion. 

Another 1930s research effort by Littlewood, Paley, and Stein involved computing the 
energy of a function f(x)\ 



The computation produced different results if the energy was concentrated around a few 
points or distributed over a larger interval This result disturbed the scientists because it 
indicated that energy might not be conserved. The researchers discovered a function that 
can vary in scale and can conserve energy when computing the functional energy. Their 
work provided David Marr with an effective algorithm for numerical image processing 
using wavelets in the early 1980s. 



Between 1960 and 1980, the mathematicians Guido Weiss and Ronald R. Coifman studied 
the simplest elements of a function space, called atoms, with the goal of finding the atoms 
for a common function and finding the "assembly rules" that allow the reconstruction of all 
the elements of the function space using these atoms. In 1980, Grossman and Morlet, a 
physicist and an engineer, broadly defined wavelets in the context of quantum physics. 
These two researchers provided a way of thinking for wavelets based on physical intuition. 



In 1985, Stephane Mallat gave wavelets an additional jump-start through his work in digital 
signal processing. He discovered some relationships between quadrature mirror filters, 
pyramid algorithms, and orthonormal wavelet bases (more on these later). Inspired in part 
by these results, Y. Meyer constructed the first non-trivial wavelets. Unlike the Haar 
wavelets, the Meyer wavelets are continuously differentiable; however they do not have 
compact support. A couple of years later, Ingrid Daubechies used Mallat's work to construct 
a set of wavelet orthonormal basis functions that are perhaps the most elegant, and have 
become the cornerstone of wavelet applications today. 
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Sidebar- What are Basis Functions? 



What are Basis Functions? 

It is simpler to explain a basis function if we move out of the realm of analog (functions) 
and into the realm of digital (vectors) (*). Every two-dimensional vector (x,y) is a 
combination of the vector (1,0) and (0,1). These two vectors are the basis vectors for (x,y). 
Why? Notice that x multiplied by (1,0) is the vector (x,0), and y multiplied by (0,1) is the 
vector (0,y). The sum is (x,y). 

The best basis vectors have the valuable extra property that the vectors are perpendicular, or 
orthogonal to each other. For the basis (1,0) and (0,1), this criteria is satisfied. 

Now let's go back to the analog world, and see how to relate these concepts to basis 
functions. Instead of the vector (x,y) 9 we have a function f(x). Imagine that f(x) is a musical 
tone, say the note A in a particular octave. We can construct A by adding sines and cosines 
using combinations of amplitudes and frequencies. The sines and cosines are the basis 
functions in this example, and the elements of Fourier synthesis. For the sines and cosines 
chosen, we can set the additional requirement that they be orthogonal. How? By choosing 
the appropriate combination of sine and cosine function terms whose inner product add up 
to zero. The particular set of functions that are orthogonal and that construct f(x) are our 
orthogonal basis functions for this problem. 

What are Scale-Varying Basis Functions? 

A basis function varies in scale by chopping up the same function or data space using 
different scale sizes. For example, imagine we have a signal over the domain from 0 to 1. 
We can divide the signal with two step functions that range from 0 to 1/2 and 1/2 to 1. Then 
we can divide the original signal again using four step functions from 0 to 1/4, 1/4 to 1/2, 
1/2 to 3/4, and 3/4 to 1. And so on. Each set of representations code the original signal with 
a particular resolution or scale. 

Reference 

(*) G. Strang, "Wavelets," American Scientist, Vol. 82, 1992, pp. 250-255. 
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Fourier Analysis 



Fourier's representation of functions as a superposition of sines and cosines has become 
ubiquitous for both the analytic and numerical solution of differential equations and for the 
analysis and treatment of communication signals. Fourier and wavelet analysis have some 
very strong links. 

Fourier Transforms 

The Fourier transform's utility lies in its ability to analyze a signal in the time domain for its 
frequency content. The transform works by first translating a function in the time domain 
into a function in the frequency domain. The signal can then be analyzed for its frequency 
content because the Fourier coefficients of the transformed function represent the 
contribution of each sine and cosine function at each frequency. An inverse Fourier 
transform does just what you'd expect, transform data from the frequency domain into the 
time domain. 

Discrete Fourier Transforms 

The discrete Fourier transform (DFT) estimates the Fourier transform of a function from a 
finite number of its sampled points. The sampled points are supposed to be typical of what 
the signal looks like at all other times. 

The DFT has symmetry properties almost exactly the same as the continuous Fourier 
transform. In addition, the formula for the inverse discrete Fourier transform is easily 
calculated using the one for the discrete Fourier transform because the two formulas are 
almost identical. 

Windowed Fourier Transforms 

If f(t) is a nonperiodic signal, the summation of the periodic functions, sine and cosine, does 
not accurately represent the signal. You could artificially extend the signal to make it 
periodic but it would require additional continuity at the endpoints. The windowed Fourier 
transform (WFT) is one solution to the problem of better representing the nonperiodic 
signal. The WFT can be used to give information about signals simultaneously in the time 
domain and in the frequency domain. 

With the WFT, the input signal f(t) is chopped up into sections, and each section is analyzed 
for its frequency content separately. If the signal has sharp transitions, we window the input 
data so that the sections converge to zero at the endpoints (3). This windowing is 
accomplished via a weight function that places less emphasis near the interval's endpoints 
than in the middle. The effect of the window is to localize the signal in time. 
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Fast Fourier Transforms 

To approximate a function by samples, and to approximate the Fourier integral by the 
discrete Fourier transform, requires applying a matrix whose order is the number sample 
points n. Since multiplying an n xn matrix by a vector costs on the order of * a arithmetic 
operations, the problem gets quickly worse as the number of sample points increases. 
However, if the samples are uniformly spaced, then the Fourier matrix can be factored into 
a product of just a few sparse matrices, and the resulting factors can be applied to a vector 
in a total of order n3 °e* arithmetic operations. This is the so-called fast Fourier transform or 
FFT (4). 
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Wavelet vs Fourier Transforms 



Similarities between Fourier and Wavelet Transforms 

The fast Fourier transform (FFT) and the discrete wavelet transform (DWT) are both linear 
operations that generate a data structure that contains to *a n segments of various lengths, 
usually filling and transforming it into a different data vector of length 2*. 

The mathematical properties of the matrices involved in the transforms are similar as well 
The inverse transform matrix for both the FFT and the DWT is the transpose of the original. 
As a result, both transforms can be viewed as a rotation in function space to a different 
domain. For the FFT, this new domain contains basis functions that are sines and cosines. 
For the wavelet transform, this new domain contains more complicated basis functions 
called wavelets, mother wavelets, or analyzing wavelets. 

Both transforms have another similarity. The basis functions are localized in frequency, 
making mathematical tools such as power spectra (how much power is contained in a 
frequency interval) and scalegrams (to be defined later) useful at picking out frequencies 
and calculating power distributions. 

Dissimilarities between Fourier and Wavelet Transforms 

The most interesting dissimilarity between these two kinds of transforms is that individual 
wavelet functions are localized in space. Fourier sine and cosine functions are not. This 
localization feature, along with wavelets' localization of frequency, makes many functions 
and operators using wavelets "sparse" when transformed into the wavelet domain. This 
sparseness, in turn, results in a number of useful applications such as data compression, 
detecting features in images, and removing noise from time series. 

One way to see the time-frequency resolution differences between the Fourier transform and 
the wavelet transform is to look at the basis function coverage of the time-frequency plane 
(5), Figure 1 shows a windowed Fourier transform, where the window is simply a square 
wave. The square wave window truncates the sine or cosine function to fit a window of a 
particular width. Because a single window is used for all frequencies in the WFT, the 
resolution of the analysis is the same at all locations in the time-frequency plane. 
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Fig. 1. Fourier basis functions, time- frequency tiles, and coverage of the time- 
frequency plane. 



An advantage of wavelet transforms is that the windows vary. In order to isolate signal 
discontinuities, one would like to have some very short basis functions. At the same time, in 
order to obtain detailed frequency analysis, one would like to have some very long basis 
functions. A way to achieve this is to have short high-frequency basis functions and long 
low-frequency ones. This happy medium is exactly what you get with wavelet transforms. 
Figure 2 shows the coverage in the time-frequency plane with one wavelet function, the 
Daubechies wavelet. 



Frequency 




Ti me 



Fig. 2. Daubechies wavelet basis functions, time-frequency tiles, and coverage of the 
time-frequency plane. 

One thing to remember is that wavelet transforms do not have a single set of basis functions 
like the Fourier transform, which utilizes just the sine and cosine functions. Instead, wavelet 
transforms have an infinite set of possible basis functions. Thus wavelet analysis provides 
immediate access to information that can be obscured by other time- frequency methods 
such as Fourier analysis. 
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w hat do Some Wavelets Look Like? 



Wavelet transforms comprise an infinite set. The different wavelet families make different 
trade-offs between how compactly the basis functions are localized in space and how 
smooth they are. 

Some of the wavelet bases have fractal structure. The Daubechies wavelet family is one 
example (see Figure 3). 




1000 



1300 2300 2300 



Fig. 3. The fractal self-similiarity of the Daubechies mother wavelet. This figure was 

generated using the WaveLab command: wave=MakeWavelet (2, -4, ■ Daubechies • , 4, 
' Mother » , 204 8). The inset figure was created by zooming into the region x=1200 to 
1500. 

Within each family of wavelets (such as the Daubechies family) are wavelet subclasses 
distinguished by the number of coefficients and by the level of iteration. Wavelets are 
classified within a family most often by the number of vanishing moments. This is an extra 
set of mathematical relationships for the coefficients that must be satisfied, and is directly 
related to the number of coefficients (1). For example, within the Coiflet wavelet family are 
Coiflets with two vanishing moments, and Coiflets with three vanishing moments. In Figure 
4, 1 illustrate several different wavelet families. 




Fig. 4. Several different families of wavelets. The number next to the wavelet name 
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represents the number of vanishing moments (A stringent mathematical definition related to 
the number of wavelet coefficients) for the subclass of wavelet. Note: These figures were 
created using WaveLab, by typing: 

wave = MakeWavelet (2, -4, 'Daubechies' , 6, 'Mother 1 , 2048); 
wave = MakeWavelet (2, -4, 'Coiflet ' , 3, 'Mother ' , 2048); 
wave = MakeWavelet (0, 0, 'Haar 1 , 4, 'Mother ' , 512); 
wave = MakeWavelet (2, -4, ' Symmlet ', 6, 'Mother ' , 2048); 



[Home] [Wavelet Page] [Contents] [Previous] [Next] 



• Click HERE to download a gzipped, Postscript copy (compressed to 222 Kbytes, expands to 
1.5Mbytes). 

• Or click HERE to download a PDF version (360 Kbytes) 



Last Modified by A mar a Gra ps on 12 May 2004. 
©Copyright AmaraGraps, 1995-2004. 




http://www.amaraxom/IEEEwave/IW_see_wave.html 



4/25/2007 



An Introduction to Wavelets: Wavelet Analysis 



Page 1 of 3 




avelet Analysis 



Now we begin our tour of wavelet theory, when we analyze our signal in time for its 
frequency content. Unlike Fourier analysis, in which we analyze signals using sines and 
cosines, now we use wavelet functions. 

The Discrete Wavelet Transform 

Dilations and translations of the "Mother function," or "analyzing wavelet" *M define an 
orthogonal basis, our wavelet basis: 



The variables s and / are integers that scale and dilate the mother function *M to generate 
wavelets, such as a Daubechies wavelet family. The scale index s indicates the wavelet's 
width, and the location index / gives its position. Notice that the mother functions are 
rescaled, or "dilated" by powers of two, and translated by integers. What makes wavelet 
bases especially interesting is the self-similarity caused by the scales and dilations. Once we 
know about the mother functions, we know everything about the basis. 

To span our data domain at different resolutions, the analyzing wavelet is used in a scaling 
equation: 



where W(x) is the scaling function for the mother function , and c * are the wavelet 
coefficients. The wavelet coefficients must satisfy linear and quadratic constraints of the 
form 



where * is the delta function and / is the location index. 

One of the most useful features of wavelets is the ease with which a scientist can choose the 
defining coefficients for a given wavelet system to be adapted for a given problem. In 
Daubechies' original paper (6), she developed specific families of wavelet systems that were 
very good for representing polynomial behavior. The Haar wavelet is even simpler, and it is 
often used for educational purposes. 

It is helpful to think of the coefficients fa as a filter. The filter or coefficients are 
placed in a transformation matrix, which is applied to a raw data vector. The coefficients are 



• M (x)-2"*{T'x-/) (3) 



W(x)=X(" 1 K + i*( 2;c+ *) < 4 > 





n 
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ordered using two dominant patterns, one that works as a smoothing filter (like a moving 
average), and one pattern that works to bring out the data's "detail" information. These two 
orderings of the coefficients are called a quadrature mirror filter pair in signal processing 
parlance. A more detailed description of the transformation matrix can be found elsewhere 
.GO- 
TO complete our discussion of the DWT, let's look at how the wavelet coefficient matrix is 
applied to the data vector. The matrix is applied in a hierarchical algorithm, sometimes 
called a pyramidal algorithm. The wavelet coefficients are arranged so that odd rows 
contain an ordering of wavelet coefficients that act as the smoothing filter, and the even 
rows contain an ordering of wavelet coefficient with different signs that act to bring out the 
data's detail. The matrix is first applied to the original, full-length vector. Then the vector is 
smoothed and decimated by half and the matrix is applied again. Then the smoothed, halved 
vector is smoothed, and halved again, and the matrix applied once more. This process 
continues until a trivial number of "smooth-smooth-smooth..." data remain. That is, each 
matrix application brings out a higher resolution of the data while at the same time 
smoothing the remaining data. The output of the DWT consists of the remaining "smooth 
(etc.)" components, and all of the accumulated "detail" components. 

The Fast Wavelet Transform 

The DWT matrix is not sparse in general, so we face the same complexity issues that we 
had previously faced for the discrete Fourier transform (7). We solve it as we did for the 
FFT, by factoring the DWT into a product of a few sparse matrices using self-similarity 
properties. The result is an algorithm that requires only order n operations to transform an n- 
sample vector. This is the "fast" DWT of Mallat and Daubechies. 

Wavelet Packets 

The wavelet transform is actually a subset of a far more versatile transform, the wavelet 
packet transform (8). 

Wavelet packets are particular linear combinations of wavelets (7). They form bases which 
retain many of the orthogonality, smoothness, and localization properties of their parent 
wavelets. The coefficients in the linear combinations are computed by a recursive algorithm 
making each newly computed wavelet packet coefficient sequence the root of its own 
analysis tree. 

Adapted Waveforms 

Because we have a choice among an infinite set of basis functions, we may wish to find the 
best basis function for a given representation of a signal (7). A basis of adapted waveform is 
the best basis function for a given signal representation. The chosen basis carries substantial 
information about the signal, and if the basis description is efficient (that is, very few terms 
in the expansion are needed to represent the signal), then that signal information has been 
compressed. 

According to Wickerhauser (7), some desirable properties for adapted wavelet bases are 
1 . speedy computation of inner products with the other basis functions; 
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2. speedy superposition of the basis functions; 

3. good spatial localization, so researchers can identify the position of a signal that is 
contributing a large component; 

4. good frequency localization, so researchers can identify signal oscillations; and 

5. independence, so that not too many basis elements match the same portion of the 
signal. 

For adapted waveform analysis, researchers seek a basis in which the coefficients, when 
rearranged in decreasing order, decrease as rapidly as possible, to measure rates of decrease, 
they use tools from classical harmonic analysis including calculation of information cost 
functions. This is defined as the expense of storing the chosen representation. Examples of 
such functions include the number above a threshold, concentration, entropy, logarithm of 
energy, Gauss-Markov calculations, and the theoretical dimension of a sequence. 
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Computer and Human Vision 



In the early 1980s, David Marr began work at MIT f s Artificial Intelligence Laboratory on 
artificial vision for robots. He is an expert on the human visual system and his goal was to 
learn why the first attempts to construct a robot capable of understanding its surroundings 
were unsuccessful (2). 

Marr believed that it was important to establish scientific foundations for vision, and that 
while doing so, one must limit the scope of investigation by excluding everything that 
depends on training, culture, and so on, and focus on the mechanical or involuntary aspects 
of vision. This low-level vision is the part that enables us to recreate the three-dimensional 
organization of the physical world around us from the excitations that stimulate the retina. 
Marr asked the questions: 

• How is it possible to define the contours of objects from the variations of their light 
intensity? 

• How is it possible to sense depth? 

• How is movement sensed? 

He then developed working algorithmic solutions to answer each of these questions. 

Marr's theory was that image processing in the human visual system has a complicated 
hierarchical structure that involves several layers of processing. At each processing level, 
the retinal system provides a visual representation that scales progressively in a geometrical 
manner. His arguments hinged on the detection of intensity changes. He theorized that 
intensity changes occur at different scales in an image, so that their optimal detection 
requires the use of operators of different sizes. He also theorized that sudden intensity 
changes produce a peak or trough in the first derivative of the image. These two hypotheses 
require that a vision filter have two characteristics: it should be a differential operator, and it 
should be capable of being tuned to act at any desired scale. Marr f s operator was a wavelet 
that today is referred to as a "Marr wavelet." 
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Between 1924 and today, the US Federal Bureau of Investigation has collected about 30 
million sets of fingerprints (7). The archive consists mainly of inked impressions on paper 
cards. Facsimile scans of the impressions are distributed among law enforcement agencies, 
but the digitization quality is often low. Because a number of jurisdictions are 
experimenting with digital storage of the prints, incompatibilities between data formats have 
recently become a problem. This problem led to a demand in the criminal justice 
community for a digitization and a compression standard. 

In 1993, the FBI's Criminal Justice Information Services Division developed standards for 
fingerprint digitization and compression in cooperation with the National Institute of 
Standards and Technology, Los Alamos National Laboratory, commercial vendors, and 
criminal justice communities (9) . 

Let f s put the data storage problem in perspective. Fingerprint images are digitized at a 
resolution of 500 pixels per inch with 256 levels of gray-scale information per pixel. A 
single fingerprint is about 700,000 pixels and needs about 0.6 Mbytes to store. A pair of 
hands, then, requires about 6 Mbytes of storage. So digitizing the FBI's current archive 
would result in about 200 terabytes of data. (Notice that at today's prices of about $900 per 
Gbyte for hard-disk storage, the cost of storing these uncompressed images would be about 
a 200 million dollars.) Obviously, data compression is important to bring these numbers 
down. 



Fig. 5. An FBI-digitized left thumb fingerprint. The image on the left is the original; the 
one on the right is reconstructed from a 26:1 compression. These images can be retrieved by 
anonymous FTP. (Courtesy Chris Brislawn, Los Alamos National Laboratory. 
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Denoising Noisy Data 



In diverse fields from planetary science to molecular spectroscopy, scientists are faced with 
the problem of recovering a true signal from incomplete, indirect or noisy data. Can 
wavelets help solve this problem? The answer is certainly "yes," through a technique called 
wavelet shrinkage and thresholding methods, that David Donoho has worked on for several 
years (10). 

The technique works in the following way. When you decompose a data set using wavelets, 
you use filters that act as averaging filters and others that produce details (11). Some of the 
resulting wavelet coefficients correspond to details in the data set. If the details are small, 
they might be omitted without substantially affecting the main features of the data set. The 
idea of thresholding, then, is to set to zero all coefficients that are less than a particular 
threshold. These coefficients are used in an inverse wavelet transformation to reconstruct 
the data set. Figure 6 is a pair of "before" and "after" illustrations of a nuclear magnetic 
resonance (NMR) signal. The signal is transformed, thresholded and in verse- transformed. 
The technique is a significant step forward in handling noisy data because the denoising is 
carried out without smoothing out the sharp structures. The result is cleaned-up signal that 
still shows important details. 
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Fig. 6. "Before" and "after" illustrations of a nuclear magnetic resonance signal. The 

original signal is at the top, the denoised signal at the bottom. (Images courtesy David 
Donoho, Stanford University, NMR data courtesy Adrian Maudsley, VA Medical Center, 
San Francisco). 



Figure 7 displays an image created by Donoho of Ingrid Daubechies (an active researcher in 
wavelet analysis and the inventor of smooth orthonormal wavelets of compact support), and 
then several close-up images of her eye: an original, an image with noise added, and finally 
denoised image. To denoise the image, Donoho: 
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1 . transformed the image to the wavelet domain using Coiflets with three vanishing 
moments, 

2. applied a threshold at two standard deviations, and 

3. inverse-transformed the image to the signal domain. 




120 140 160 




De-Noised (closeup) 




Fig. 7. Denoising an image of Ingrid Daubechies' left eye. The top left image is the 
original. At top right is a close-up image of her left eye. At bottom left is a close-up image 
with noise added. At bottom right is a close-up image, denoised. The photograph of 
Daubechies was taken at the 1993 AMS winter meetings with a Canon XapShot video still- 
frame camera. (Courtesy David Donoho) 
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Detecting Self-similarity in a Time Series 



Wavelet analysis is proving to be a very powerful tool for characterizing behavior, 
especially self-similar behavior, over a wide range of time scales. 

In 1993, Scargle and colleagues at NASA- Ames Research Center and elsewhere 
investigated the quasiperiodic oscillations (QPOs) and very low-frequency noise (VLFN) 
from an astronomical X-ray accretion source, Sco X-l as possibly being caused by the same 
physical phenomenon (12) . Sco X-l is part of a close binary star system in which one 
member is a late main sequence star and the other member (Sco X-l) is a compact star 
generating bright X rays. The causes for QPOs in X-ray sources have been actively 
investigated in the past, but other aperiodic phenomena such as VLFNs have not been 
similarly linked in the models. Their Sco X-l data set was an interesting 5-20 keV 
EXOSAT satellite time-series consisting of a wide-range of time scales, from 2 ms to 
almost 10 hours. 

Galactic X-ray sources are often caused by the accretion of gas from one star to another in a 
binary star system. The accreted object is usually a compact star such as a white dwarf, 
neutron star, or black hole. Gas from the less massive star flows to the other star via an 
accretion disk (that is, a disk of matter around the compact star flowing inward) around the 
compact star. The variable luminosities are caused by irregularities in the gas flow. The 
details of the gas flow are not well-known. 

The researchers noticed that the luminosity of Sco X-l varied in a self-similar manner, that 
is, the statistical character of the luminosities examined at different time resolutions 
remained the same. Since one of the great strengths of wavelets is that they can process 
information effectively at different scales, Scargle used a wavelet tool called a scalegram to 
investigate the time-series. 

Scargle defines a scalegram of a time series as the average of the squares of the wavelet 
coefficients at a given scale. Plotted as a function of scale, it depicts much of the same 
information as does the Fourier power spectrum plotted as a function of frequency. 
Implementing the scalegram involves summing the product of the data with a wavelet 
function, while implementing the Fourier power spectrum involves summing the data with a 
sine or cosine function. The formulation of the scalegram makes it a more convenient tool 
than the Fourier transform because certain relationships between the different time scales 
become easier to see and correct, such as seeing and correcting for photon noise. 

The scalegram for the time-series clearly showed the QPOs and the VLFNs, and the 
investigators were able to calculate a power-law to the frequencies. Subsequent simulations 
suggested that the cause of Sco-Xl's luminosity fluctuations may be due to a chaotic 
accretion flow. 
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IVIusical Tones 



Victor Wickerhauser has suggested that wavelet packets could be useful in sound synthesis 
(13) . His idea is that a single wavelet packet generator could replace a large number of 
oscillators. Through experimentation, a musician could determine combinations of wave 
packets that produce especially interesting sounds. 

Wickerhauser feels that sound synthesis is a natural use of wavelets. Say one wishes to 
approximate the sound of a musical instrument. A sample of the notes produced by the 
instrument could be decomposed into its wavelet packet coefficients. Reproducing the note 
would then require reloading those coefficients into a wavelet packet generator and playing 
back the result. Transient characteristics such as attack and decay- roughly, the intensity 
variations of how the sound starts and ends- could be controlled separately (for example, 
with envelope generators), or by using longer wave packets and encoding those properties 
as well into each note. Any of these processes could be controlled in real time, for example, 
by a keyboard. 

Notice that the musical instrument could just as well be a human voice, and the notes words 
or phonemes. 

A wavelet-packet-based music synthesizer could store many complex sounds efficiently 
because 



• wavelet packet coefficients, like wavelet coefficients, are mostly very small for 
digital samples of smooth signals; and 

• discarding coefficients below a predetermined cutoff introduces only small errors 
when we are compressing the data for smooth signals. 

Similarly, a wave packet-based speech synthesizer could be used to reconstruct highly 
compressed speech signals. Figure 8 illustrates a wavelet musical tone or toneburst. 



| #"^ f rf i § *( 




Fig* 8. Wavelets for music: a graphical representation of a Wickerhauser toneburst. 

This screenshot of a toneburst was taken while it was playing in the Macintosh commercial 
sound program Kaboom! Factory. (Toneburst courtesy Victor Wickerhauser) 



Press 



^ to hear this wavelet toneburst (110 kB). 
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Most of basic wavelet theory has been done. The mathematics have been worked out in 
excruciating detail and wavelet theory is now in the refinement stage. The refinement stage 
involves generalizations and extensions of wavelets, such as extending wavelet packet 
techniques. 

* 

The future of wavelets lies in the as-yet uncharted territory of applications. Wavelet 
techniques have not been thoroughly worked out in applications such as practical data 
analysis, where for example discretely sampled time-series data might need to be analyzed. 
Such applications offer exciting avenues for exploration. 
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Some Wavelet Resources 

The amount of wavelets-related material is multiplying. Many papers and software sources 
are on Internet. 
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bade shore 



of a hijfe<irtvr>n fwta Urtming l&tPB, ennonra n frfn pl r 

layshaft, which may be brought into gear with die coned 
puQcy and mandrel when required. 

background (Phyt) brtraneous simain ahiri^fam any cause 
which mjgfai be confuted wfth tte required measurements, 
eg in ete rtrind mraair emgnts of mid«ir phenomena ftp 
taduaenvdy, it would include counts from 
amplifier noise, cosmic rays and insulator leakage, Cf 
sigitatecHtolse ratio, 

background Job (Cearp) Job havimaiowprioiify widuoa 
mulopxo^amining system. See we^a^aTd/backgrotrnd 
praceWng f Jc^<|ueuct,taii«ihara^ 

badtgroiind nofae (tow) Extraneous 

ammd iwsMiinmwify flftj whfeh rannn t R^p^Tf ll from 

wanted signals. Residual output horn eg microphone^ 
pickups, Unci, giving a sfgrMMr^notee ratio, Abo ground 



radiation (Aaron) See 



radiation (AaefeQ Radiation coming from 
sources other than that being observed, 
background video Uw&Tech) A technique far overlaying 
video on previously recorded depth muMplax audio. 
Abofev6t;K.Al50«^m 
fnuttipftu recorcin^. 
backhand weidmg (Ettg) Welding in which the torch or 
electrode hand feces the direction of travel, thus post 
heanng rhe existing weld. Cf forehand weMmg. 
backheating (ftorocxx) Excess heating of a cathode due to 
frnnrtMTrimfnr by high-energy electrons returning to the 
cvthrtriV In magnetmn^ it may be sufficient tofceep the 
cathode at operating rcmpcrauirc wrdroutexrrmal heating, 
bftdfog (JuL&Tah) iigte^bsorbenr layer on me rear surface 

of photographic him or plate to reduce halation 
becking (Ateor) The changing of a wind in a counter- 

dodewfee directum Cf wjarinf*. 
hacking (Nat) The binding ptoctmby which otm; half of me 
recriorts at the bade of & volume are bem ove* tn tfc* right 
and the other half m rhc (eft The pre le ction s formed are 
Joints, to which the case is hfruyn, by band or nwehine. 
Some rt iachines also slmufcaneouj iy perf or m roun d lnp. 
backing boards (rW) Wcd^haped wooden boards 
b£twe£o which an unbound book ia heid in the iyinj^cc&s, 
while the joints are being fonned for attach^ 
backings {faM) Wooden hfinrrc?, secured to rough walls, for 

che Axing of wood tarings tsr-Msosmtppmg. 
backing store (Coatp) Means of storing large *ntuu*At* of 
data outside the main rnernnry, WJfl be a combrhatbn of 
reaonedc desk, magnetic drum, magnetic tape, optical 
on*, containing archive HJb*. bacVup Also t&DHihiry 
memory. 

»adnno-up {Build) The use of inferior bricks for die inner 
faceofa walL 

badunoHip {Prim) (X) hinting on the second arte of <• sheet. 
(2) Becking a letterpress prinhag pkre to required hraghL 

tack mfcrt mrttey (Bute) A topped gulky in whish chr inlets 
discharge under the gottng arai atxjvetho level of d^watei 
m the trap, g» *h*r splashing Hnii Mftckfrq; of the g p^g ar * 



back iron (BmM) The solrexiing pkre screwed co cte cutrir^ 
iron of a plane. Also tup baa, onernee, 

(rtjohrt(n^t07ncp*rt^ 
flresaed to 6t into rhe rebaro of the upper step. 

batfcJddt (Eng) The vioknx reversal of an 
enmbusribo mgjne during starting due to a back-fire. 

faaonash {Bug) The lost motion between two rtw^i^ of ( 
mechanism, it the amount the first has to move, owing ur* 

imperfect crmnrrtinw before mmmtinif Mjpg fa BlOtton to 

ihesoCOOd. 

baddasb {Tdmon) (1) MeehanjeaJ deficiency in a tuning 
control, with a difference in dial reading between clock- 
wise and antktockwise morion. (2) Property of most re* 



generarive and oscillator circuit, by which osr^lanctn k> 

maintained wirh « smaller poslnve Ceerflsack than is 

required formccption. 
bacaifjht (£&crra«iB)Tte 

discharge in a ^fluorescent envelope) used w 

rnoduhring Bar paod displays such as mrty h^rd on Beartd 

crystals. See panel on liquid crystal dfapfay. 
backfight <omp«nsatioci {fragpTcch) The evening of the 

Iris to correcdy expose a backUc sublet which would 

otherwise be a ftifhoucttr?. Ahbrev MXZ. 
boeh Kc^itinrj (JmagpTcth) Lighting alummAting the subject 

firom behind, opposire the camera, often to provide rim 

light or halo etrects, 
bock finirm (hint) Sec hollows. 

back lobe {TtUtomm) Lobe of polar diagram for anamna, 
microphone etc which points in me reverse direction to 
that required. 

baddocadng (GivEng) Holding a signal kv« partially restored 
until completion of a predetxsmined se qu en ce of opcr- 



bactonattir QMtti) US for end 

baejHtabdng (<3W£qg) In a chemical reacror, jet engine or 
other apparatus through which material Sows and mereby 
undergoes a change in some property, me m/rung back of 
some of the matrsial so roar it mixes with that which has 
entered the reactor after it 

baotoHrtaniQ«(oW)S« 

bach observation (Svrv) An chseivarion nude with iosttu- 
ment on staooo jusr U*fe, Also tusk s^u. 

bdcWf (MittBu) (1) T w raise the drilling bir or dowrvholc 
assembly for a short distance horn die bottom of the hole. 
(2) To unscrew drilling corrmonerua. 

back pord) {/bna&Teth) A short period of black level signal 
oaosmitted at me end of rhe horizontal sync pulse before 
the ptcnire infoi'maUon. 

backitofch effect {Tdeatmm) The prolonging of the collec- 
tor current in a nanststpr for a brief time after the input 
s%nal(paroeularfy if large) has decreased torero* 

bads pressure {Build) Air pressure in n^ainagt pipe* oxocd- 
tag atmospheric pressure. 

back pressure {Bng){\) The rirtssuxe exposing the moooo of 
me piston of an engine on its exhaust stroke. (2) The 
exhaust pressure of a turbine, facrcased by dogged or 
detective exhaust system. 

back pressure (Med) Proximal pressure produced by an 
o bs truction to fluid flowing through the carda>vascuiar or 
urinary systems. 

back nressui* (Atou^) 
th* fiuid* in the bote of a wdi which acts against that of aV 
oil and gas in rhe strata, Control of mis pressure by valves 
and ******* m.imtam« an even gnd pfgductivf flnwctfoii 

back-pressure turbioe A steam turbine from which 
the whole of rhe r"h?iniTt steam, at a qiiraM*. pressure, is 
taken for heating purposes. 

back projection UmapTcdi)(l) Projection of a picture, rrom 
film, nangpAfcpcy or video, on to a orarwhirvnt scregn to be 
viewed from the opposite side. (2) A form of mo don pkture 
composite photography m which the protected pirntre 
forms the bcrcksround m acriou taking piacc in front of it, 
both betng photographed together. 

back rake C£rrg) fat a lame cool, die frrriirrinim of the top 
surface ctt race to a plane parailai co th* tosc of the toot 

back saw (flmV) A saw stiffened by a rhlckened back, eg a 

: sca«»r (^A>»)Trre direction c^ 
scamm^ through aruj|esgcearerchan9D 4 w^reforenceto 
the original direcrkto of tr^, Q forward tott pr. _ 

Urt w idi Jg&om borderall round- 
back sftoiTeCfittiW)One of the outer members of an 
merit of raking shares or props, £o/ ^ppHxting 
me side of a building. The fjack shore supports rhe 
shore, or raker, which takes the thrust from the highest 
part of the building. 
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photajyuptiic film ii frf^cd between ihc wuire of X-r<rvs and ifc 
crystal specimen. 

aUmg djjft attending «ft from the lowered of the data-in 
tMKfcH^proc*» (chem ekqJ A process for oroarinctuP' 
steam Ihraufh the KJirW^^ tu-^*^v^ u ^ jr~-^ 



ilnnFJSPtt aeoa ? 0 * i** •" t * *nibbers. 

totonj Iocs BNOJ A ftneHnotb saw witt ii» upper edge 
soflfencd by a metal rib to ensure straight cuts. 

MCtaowto0 ipoft) A mdfaod of converting timber so that 
tegrowth ring* meetthe face in any part tfanaiu^ of n» than 
tLj^ilg™ " hwttn ^ iA « ; planning; 

backtcatwr 9*90 [enoJ A radar instrument used to men* 

- T . m Also known as back radiation; back war so* 
fc^MMUNj Pn>pagaikmofcwr*ncw 
or e-fegion tetecrioo in addition to me desired umospher^. 
*»tomo4s; the uufcsired signal enters the antenna through 

I^^rr^ f^^^MACl I.RaaWechottfhwauii 
get. 2.Uiidesiie4radiatto 

antenna, (phys) The defection of radiatmn or nuefcar para- 
cies by scattering processes throqgh angles greater than-MF 
^th respect to the original direction of ^ytl — ^ 
■w'vtinihifvitytfiifjinflM Utffa li''6T A device that uses a 
radioactive source for measuring the thickness of materials 
such as coatings, in which the source and the i"*" vm fnr 
airing the radiation ate inomtt^on mcsaineskteof mcmate- 
rial, die — * — 1;^ _ ^ _ *. < 



ed radiation thus being measured, 
_r 7— . — " 1°*°] An (n^dic^hoazaa radar system 
deamd My to detect an enemy missik attack 6w far 
beyond ibcbomoo, by detecting ndto^ 
ionosphere rfishi r ba n cc created by the missiles, 
teetaot [bvild] The horiiinitid distant 

^^5^ bcddin e oat w a dnrction 

against the Bow of a depositing current. 



[GfiOL] The upper shore ^Utat is beyond the 
advance of the usual waves and Odes. Also f 



1 entry, 



beach; back&hore beach. 
bMch&rb 
tatNBBStel 

[iflM cmo) A shot used for widening an < 
ptacedM some distance ton the head of an entry. 
°*Jtnl&A [0*3) 1 k A sight 00 a previously established sur- 
vey poim or hoe, 2. heading a banting rod in its unchanged 
position after moving die leveling instrument 10 a different 
location, [nav] Anaarioesexiaiuobseivafiflnof a celestial 
body mane by fating 180" tan me azmndh cf me body and 
using tlievismtehQriM 
racing. 

bnctt^gW mnttiod [esq] 1, A plane-table traversing meth- 
od m which mc tabfc orienn^ 

alidade on an estahtifihrd nan line, the tahi^ ***** ™*»~« ^mil 
hnc of sight is coincident with the corresponding ground 
line. 2. Sighting twn pi«^ of equipment dn^cdyat f^ ^nr 
m order to oaeta and synchrony 
and elevation, 

sMa^ptmnaga [avotoj The flowing back of used, con- 
taminated, or polluted wai^ hw a rJnn^ Oiiure Cf vessd 
intothc pipe which feeds it; cauaed by reduced 

bn efcatopo dip slope. 

bacta aaca) [comput so] Th mtn^ ^ npcording merihtm one 

Umi in Ifae rcvepe cr baefcgrouod diirctiix^ (MfiCH &*q] to 
move a typewriter carriage back one space by ctepressing aba* 
space key; 

baakapttng [nav AgCH] A heavy line ounndmg forward at 
an acute angle with a ship ftnm the stem or midships m a wfcait 

backstay lENOj 1. A supporting cable that prevents a more 
oTU^vertk^qbjcttl^ 2. A spring used to 



wuvnnui y^a 

ggg^W^^^fi^ of puichase a 
that runs fiTroem^c^ofacwiage'srcariDdcti 
A Ieaiher strip diat covers and strengttKns a s" 
[cKAftncs] A rope cc strap tnat keeps thee 
pniilag press from moving [oofofbiwanl [m 
tope, wire, or cahtetfainins from dicuwrfam^ti 
a ship and slants a lime aft. frexr] AbarbjT ' 
on its tap, that runs across a loom beneath the t 
me warp yams. 

tgCtaaap aanamtico [met] Sequential L 
oeaib w me directioo opposite to rhc dinxtbo < 
bade ttpgy sec shrinka^^iriion. waxm " { 
hytonjniitp [cffiOL] Swampy depressed area afJ 
between the nmural levees and the ia<ge of the 53 
^^^ikpneuion I&ql] Atowsa " 
cent to river te vees. 
*« B ^W»«Bnln9 [chem two] The contreQedi, 
«^mmercial-^ade mrreaptans to a petraicum s»dl 
c^sJnxwhV^ 

******* [COMPUT SOJ Passage of tof 
«andby computer 10 the active computet 

WotmMng [oeolJ n* nViming in the u«m 
™rof a»on^beh.on|^me^ 

Aritratmn to return totted 



^devioM 



h^tteWon (CH£M] 
which was passed, 

bBC*4n-f|rortt ratio l&XEcnoMAG] Ibmousnii 
oon with an antenna, metal fectihe* or any dc 
ugnal strengm or lesisumce in one direction is < 
mat in me opposite Qjiection. 
budnYMdng [GoatruTsa] Amedtodof sohiat| 
fWQff»«icftUy by a systematic search of the pcissibte 1 
invalid solutions are chnujuned and are MntM 
backup [bmlo] Ihat part of a masonry wall L 
exjerinr facing, lav end] Overflow in a dndnc 
system, ouc to stoppage, [ewe] I.AnhemiuvM 
meet intended to perform the sonx general bmcti 
ottoitcm also under 0 2_Ae— T ^ 

material used behind a seatent to reduce its 0e|m)andi3 
tne sealant against sag or indentation. [GftArtnoll 
umure printed on die reverse side of a primed shall 
printing of such an image, [most] a support used tog 
me unscrring force in the workpicces during ftashi 
(wnweKQj During drimnn, the heading of one s 
pye while another is screwed out of h or into it 
na rai u j arnmyroen i cascade, 
bftcinjpiaay (elk:! A relay designed to protect 1 
system in case a primary relay buis to operate u ( 
bflckupatrip ( BW u>j A wood strip which is hm 
cesncy of a partition or wafl to pw 
of tarn. Also known as lathing board, 
backup ayntem (sys quo] A system, nonnaUy 1 
but kept available to replace a system which an 
operation, 

iMCttaptomg [EKCJ A heavy device used on at 
loosen the tool joints. 
Bayjuw*niur form (odmput $cj] a 
spnrififs which sentences of syinbols €»nainj t )B a t 
J^? gg" Un ^ ,a « e - Abhreviamd BNR 
MCk vonear (mater) In veneer plywood, the L 
nccr on the side of a plywood sheet wnjch iscHmositcd 
veneen usnairy of lower quality, 
back vortt (crv enc j An individual vent for a iw 
tone located on the dovmstream (sewer) side of a 1 
protect the trap against sjnhonage 
s^k ai m tKa aJ tig regulator [euxth] mmmm 
ulator in which the adjinmnem 
quantity which caused the an^gtment. 
InaeJcafaVcMwKlecj e^odynajiiic fan [mech enoj i 
^consists of seveifd streamlined WwJes mooiinxlwaR 



— , [elbctb.] A semkooductor dkxk u 
to d Oinud diode except that U b&s 00 fonwd tuond a 
o sed as a low-voteage tcctificc 
backward error analysts [cqmpi/t sol A farm of, 
analysis which seeks to replace all errors made in the coo 
$oMng a problem by an equivalent perturbation of then 

See backfWmng. 



